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© A tape threading mechanism used in a magnetic 
tape unit which deals with a cartridge-contained 
magnetic tape with a leader block (3) attached at an 
end of the magnetic tape. The mechanism is pro- 
vided for pulling out the leader block from the car- 
tridge (1), performing a^tape threading/unthreading 
operation, and inserting the leader block back into 
the cartridge. The mechanism includes a threading 


arm, connected to a rotational axis at one end and at 
the other end provided with a pin (8) for carrying the 
leader block, which consists of a linkage of two arms 
(17, 18), at least one of the arms having an elastic 
member (19) which allows the threading arm to 
expand and contract lengthwise. The elastic member 
facilitates proper insertion of the leader block in the 
cartridge with only a small applied force. 
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The present inv ntion r lates to a tape unit 
which tak s a tape cartridge (e.g. a cartridg hav- 
ing a single reel of magn tic tape, hereinafter sim- 
ply called a cartridge) used, for example, in a file 
store of a computer system, or more particularly to 5 
an apparatus for threading (including unthreading) 
tape of a cartridge in a tape unit. 

When a write or read operation is to be per- 
formed on a magnetic tape of a cartridge, the 
cartridge is first loaded into a magnetic tape unit, io 
th n the magnetic tape is threaded through the 
threading path and wound on a machine reel of the 
magnetic tape unit to establish a running path of 
th magnetic tape. 

With the ever-increasing demand for small-siz- 75 
ed computer systems, demand for a small-sized 
magnetic tape unit is also increasing. 

It is an absolute necessity for attaining high 
reliability of magnetic tape unit to correctly carry 
out threading and unthreading of the magnetic 20 
tape. 

Therefore, there is a demand for a threading 
apparatus which allows a small-sized magnetic - 
tape unit to be realized and which carries out tape 
threading and unthreading securely. 25 

The drawbacks of an existing cartridge will now 
be explained with reference to Fig. 1. Fig. 1(a) is a 
perspective view of the cartridge; Fig. 1(b) is a 
sectional view of the cartridge showing a leader 
block ready to be inserted therein; and Fig. 1(c) is 30 
a sectional view with the leader block inserted. 

The cartridge 1 has a reel with magnetic tape 2 
wound thereon. The end of the magnetic t a pe 2 isT| 
connectejjo a jeadeihlocfc j used for pulling the 
m a9HL _tic tape 2 o ut of the cartridge 1 . The leader j 35 
block 3 is usually in the inserte^tate, in which it is * 
latched in the cartridge 1 . 

When the leader block 3 is pushed into the 
cartridg opening in the state shown in Fig. 1(b), 
th tongue 3a of the leader block 3 rides over the 40 
cartridge tongue 1a which is molded in synthetic 
resin, and becomes latched thereon as shown in 
Fig. 1(c). 

The cartridge tongue 1a is resilient and pro-^ 
duces an opposi ng3PDQ9,Jprce when the leader 45 
block 3 is pushed into^or pulled out of the cartridge 
1 ,^Ta!^rtain~fbrce is needed to insert the leader 
block. For instance, the ANS Standard stipulates 
that the insertion force F required to push the 
leader block into its latched position in the car- 50 
tridge should not exceed 1 .23 kg. 

Fig. 2 is a schematic diagram showing a 
pr viously-proposed magnetic tape threading 
mechanism. In the Figure, the chain line T shows 
the path along which a magnetic tape is threaded 55 
and M shows a threading motor. 

When the cartridge 1 is loaded on a magnetic 
tape unit, the magnetic tape 2 is pulled out of the 


reel of the cartridg 1 and led to the machin reel 
4 after b eing threaded through a tape guid 12a, a 
magneSc"head 13, a tape guide 12trand a tension 
roller 14. 

Threading of the magnetic tape 2 is carried out 
by a panto-arm consisting of the^firj§Larm_6, sec- 
ond arnru7, third-arm 9-and four^arm 10. As the 
panto-arm swings, a pin 8 pro vided at an end o f 
the p anto-arm pulls_o .uIS^Ieadei 
provided at the e nd of the magnetic tape 2 . and-a 
guide"pin 1 1 of th e panto-arm moves along the 
guide gro^e^Sa-to^th^Trnachirie reel 4~t6 engage 
the leader block 3 with the leader block groove 4a 
of the m^chine_reel 4. 

For unthreading the magnetic tape 2, the above 
sequence is reversed and, when a flag 16 attached 
to the second arm 7 comes in front of a photosen- 
sor 15, the photosensor 15 detects that the leader 
block 3 is inserted and causes the panto-arm to 
stop swinging. 

Accordingly, the conventional threading mecha- 
nism has the following problems:- 

(1) In a threading mechanism using a panto-arm, 
the magnetic tape has to travel over a wide 
ranging tape path, which makes the magnetic 
tape unit large in size. 

(2) A large insertion force F is required to insert 
the leader block 3 into the cartridge 1. To get an 
insertion force F large enough, the panto-arm 
has to be swung at a high rotational speed at 
the moment when the leader block 3 is inserted 
into the cartridge 1. The leader block insertion 
may fail however, in which case the panto-arm 
rebounds due to a spring return force acting on 
the leader block 3. 

(3) The leader block insertion may fail due to a 
dimensional error of cartridge 1 or positioning 
error of the cartridge 1 loaded into the magnetic 
tape unit. 

(4) Even when the leader block insertion fails, 
the above-mentioned photosensor 15 may fal- 
sely detect the flag 16 and cannot judge cor- 
rectly whether or not the leader block 3 is really 
inserted in the cartridge 1. As a result, the 
magnetic tape unit is caused to malfunction and 
the computer system to be halted. 

The following are representative of the prior art 
in the area of threading apparatus:- Japanese Laid 
Open Patents, Provisional Publication Nos. 62- 
257657, 62-119765, 60-10446 and 63-10360. 

According to the present invention, there is 
provided a tape threading apparatus used in a tape 
unit for performing a threading operation to pull out 
from a cartridge a leader block attached at an end 
of a tape, thread and unthread the tape and insert 
the leader block back into the cartridge, said tape 
threading apparatus comprising :- 

a threading arm for threading the magnetic 
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tape, conn cted at one end to a rotational axis and 
at th other end provided with engaging means for 
engaging the leader block, and consisting of a 
linkag of a plurality of arms, at least on of the 
arms having an elastic member which allows said s 
threading arm to expand and contract lengthwise. 

An embodiment of the present invention may 
provide a mechanism for securely locking the 
thr ading arm where the leader block is to be 
latched in the cartridge. w 

An embodiment of the present invention may 
provide a mechanism for judging correctly whether 
or not the leader block is properly inserted in the 
cartridge. 

An embodiment of the present invention may 75 
provide a small-sized threading mechanism. 

An embodiment of the present invention may 
also provide a small-sized and highly reliable tape 
unit for information-storing tape such as magnetic 
tap . 20 

Reference is made, by way of example, to the 
accompanying drawings in which:- 

Fig. 1 is a diagram illustrating an outline of a- 
cartridge; 

Fig. 2 is a schematic diagram showing a mag- 25 
netic tape threading mechanism; 
Fig. 3 is a schematic diagram showing a mag- 
netic tape threading mechanism of the first em- 
bodiment of the present invention; 
Fig. 4 indicates the forces acting on a linkage; 30 
Fig. 5 shows a threading operation performed 
by the first embodiment of the present invention; 
Fig. 6 is a schematic diagram showing a mag- 
netic tape threading mechanism of the second 
embodiment of the present invention; 35 
Fig. 7 shows a detailed construction of the 
threading arm of the second embodiment of the 
present invention; and 

Fig. 8 shows a threading operation performed 

by the second embodiment of the present in- 40 

vention. 

Throughout the drawings, identical reference 
numerals are used to designate the same or similar 
components. 

Referring to Fig. 3, in a first embodiment of the 45 
invention, a linkage consisting of two_arrr»s^t7-and — 
18 pulls the leader block 3 out of the cartridge 1 
an£t- threads the magnetic tape. The arm 17 is 
connected to a threading motor 21^ which swings 
the linkage and the arm 18 is provided with a pin 8 so 
for pulling out the leader block 3r~ 

At least one~6Tthe arms 17 and 18 is provided 
with an elastic member 19 which expands and 
contracts lengthwise along the threading arm con- 
sisting of the arms 17 and 18. The total length of 55 
arms 17 and 18 is set longer than the distance 
between the rotational axis of the threading arm 
and the leader-block pick-up position where the 


leader block 3 is latched in the cartridge 1 . 

A^guide-groov 5b for guiding th pin 8 is 
provided along the threading path between the 
leader-block pick-up position and the leader block 
engaging grooviliS^f"^ 

How the threading mechanism performs 
leader-block insertion is explained below. 

The threading arm consisting of arms 17 and 
18 swings and carries the leader block 3 into the 
cartridge opening. The arms 17 and 18, which are 
doglegged at this point, straighten by compressing 
the elastic member 19, become reversely dogleg- 
ged again and finally stop at the position where the 
arm 18 strikes against a stopper 23. 

A sensor 1 5a for detecting the threading arm is 
provided slightly before the position where the arm 
18 comes into contact with the stopper 23. The 
sensor 15a causes the threading motor 21 to stop 
on detecting the arm 18. 

How the threading mechanism threads and un- 
threads the magnetic tape 2 will now be explained 
with reference to Fig. 3. 

^ e H_J&! :e ^ d 'n9^the^ the "1 

threading motor 21 rotates counterclockwise to 
make the arm 1 7-pufhthejirm 18 by means of 
node (joint) 20. The pin_8 provided at The end of 
the . arm |8_pulls ;the Jeader ; block 3 out of the 
cartridge 1 , travels along the guidegrooye J>b while 
pulling the leader block 3 and engages the leader 
block 3 with the leader block, engaging groove 4a j 
of the machine reel 4. J 

When unthreading the magnetic tape 2, the \ 
thr eading mo tor 21 rotates ^clockwise. The pin 8 
travels back along the guide groove 5b while pull- 
ing the leader block 3 to insert the leader block 3 
into the cartridge 1. During insertion, the leader 
block _3_ has to be pushed agains t the opposing 
force .of .Jhejpngue provided in the cartridge"^ , 
causing a shock tonSoth^artfidge 1 and the thread- 
ing arm. 

TheTelastic member 19 provided on at least 
one of the arms 17 and 18, provided in the present 
invention, can expand and contract lengthwise 
along the threading arm, thereby absorbing the 
shock and preventing the threading arm from re- 
bounding. 

Two aspects of the insertion process are ex- 
plained in more detail as follows. 

(1) Leader-block Insertion Force by the Thread- 
ing Arm 

The threading mechanism of the present 
invention can absorb the shock which hinders 
the leader block 3 from being inserted into the 
cartridg 1 and, thus, can effectively insert the 
leader block 3 with only a small torque. 

Fig. 4 illustrates the forces acting on a link- 
age. When a linkage consisting of arms 24 and 
25, which are rotatably coupled at each end by 
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a node 20a, is dogl gged and placed on th 
floor with the oth r end of the arm 24 pressed 
against a wall, a vertical force Fi applied on the 
node 20a causes a horizontal force Fo to act on 
the other end of th arm 25. Th force Fo is 5 
expressed as:- 

Fo = Fi sin 0/2 cos 0 

where it is assumed that the arms are equal in w 
length and neglecting frictional force exerted on 
the other end of the arm 25 by the floor surface. 

Therefore, the closer the angle Q is to W2 
(radian), the larger the force Fo which can be 
obtained with a given force Fi. The force Fo 75 
corresponds to the leader-block insertion force 
generated by the linkage in the present embodi- 
ment. 

(2) Self-lock Function 

The threading mechanism can also be given 20 
a self-lock function by means of the stopper 23 
and, thus, insert the leader block 3 securely. 

Fig. 5 shows the threading operation per- ~ 
formed by the first embodiment of the present 
invention. Figs. 5(a) to (c) illustrate sequential 25 
stag s in this operation, particularly leader-block 
insertion, as follows:- 

(a) Leader-block Insertion Starting Stage 

The threading motor 21 rotates clockwise 
to make the pin 8 carry the leader block to 30 
the cartridge opening. The arms 17 and 18 
are doglegged at this point, since the total 
length of the arms is set longer than the 
distance between the leader-block pick-up 
position and the rotational axis of the arm 1 7. 35 

(b) Leader-block Inserting Stage 

The threading motor 21 rotates clockwise 
further and the doglegged arms 17 and 18 
straighten while compressing the elastic 
member 19. 40 

The threading arm consisting of arms 17 
and 18 pushes the leader block 3 into the 
cartridge 1 with a force Fp equal to the force 
compressing the elastic member 19. That is, 
the leader-block insertion force depends on 45 
the elasticity of the elastic member 19. 
Therefore, the elastic member 19 should be 
designed so that the force Fp provides a 
desired leader-block insertion force. The 
torque given to the arm by the motor 21 can 50 
be small in comparison with the force Fp and, 
therefore, a small-sized motor having a low 
torque can be used as the threading motor, 
(c) Arm Self-locking Stage 

As the threading motor 21 rotates clockwise 55 
still further, the arms 17 and 18 become re- 
versely doglegged after passing through the 
straightened state of Fig. 5(b), and stop swing- 


ing when arm 18 strikes the stopper 23. 

Wh n the arms 17 and 18 become slightly 
doglegged immediately after passing the above- 
mentioned straight ned state, the arms 17 and 
18 and threading motor 21 receive a clockwise 
torque due to the spring force of the elastic 
member 19. 

Thus, a force Fs which presses the arm 18 
against the stopper 23 can be obtained without 
supplying a torque from the threading motor 21 
and, therefore, the threading mechanism can 
maintain a stable self-locking state. 
Therefore, by providing a sensor 15a at a posi- 
tion slightly before the position where the threading 
arm contacts the stopper 23, and by stopping the 
motor 21 in response to this sensor, the threading 
mechanism can be held in position even if motor 
21 is switched off. 

When the threading mechanism enters the self- 
locking state after the threading motor 21 stops, 
the leader block 3 is pushed into the cartridge 1 by 
the force Fp of the elastic member 19. 

Accordingly, when the sensor 15a continues to 
detect the threading arm, it can be judged that the 
leader block 3 has been correctly inserted into the 
cartridge 1. 

For example, the sensor 15a shown in Fig. 5 
detects the presence of the threading arm by de- 
tecting a flag 16a provided on the arm 18. 

Fig. 6 illustrates a second embodiment of the 
present invention. 

The threading mechanism of this embodiment 
includes first and second arms 17a and 18a, and 
an elastic member consisting of springs 19a pro- 
vided on the first arm 1 7a. 

A driving gear 26 is provided on the rotational 
axis of the first arm 17a, and a driven gear 27, 
which engages the driving gear 26, is provided on 
a threading motor 21a. The rotational speed of the 
motor is reduced via the driving gear 26 and driven 
gear 27, to generate a large force for swinging the 
threading arm. 

At an end of the second arm 18a are provided 
a pin 8 for pulling out a leader block 3 and a 
bearing 34 which is arranged coaxially to the pin 8 
(see Fig. 7). The bearing 34 rotates with the pin 8 
as a rotational axis to facilitate smooth movement 
of the pin 8 along a guide groove 5b, formed as a 
slot in a guide plate 32. 

A stopper 23a (Fig. 6) for stopping the thread- 
ing arm is provided at a position where the second 
arm 18a is required to stop. The second arm 18a 
has a flag 16b at its end which is used by a 
photosensor 1 5b to detect its presence. The sensor 
15b is located slightly before the position where 
the second arm 18a strikes the stopper 23a. 

Fig. 7 shows a detailed construction of the 
threading arm in this embodiment. Fig. 7(a) is a 
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p rspectiv view of the first arm, and Fig. 7(b) is a 
side levational vi w of the threading arm and drive 
mechanism, a frame 29 being shown in section. 

Two slide shafts 32 are inserted through 
springs 19a and frame 29, with the first arm 17a 
and an end plate 30 attached at opposite ends. 
Th frame 29 includes a linear bearing in contact 
with slide shafts 32, which allows the slide shafts 
32 to slide smoothly through the frame 29. 

Thus, the first arm 17a moves only in the axial 
direction of the slide shafts 32 while compressing 
the springs 19a and, therefore, cannot extend be- 
yond the position where the end plate 30 contacts 
th frame 29. 

Fig. 7(b) shows a state where the springs 19a 
are compressed and the end plate 30 is apart from 
the frame 29. 

The other end of the first arm 1 7a is rotatably 
coupled to an end of the second arm 18a through 
the node 20b. Thus, the first arm 17a can make a 
rotational movement as well as a lengthwise move- 
ment along its axis. At the other end of second arm 
18a, the pin 8 for pulling the leader block 3 is 
provided. A bearing 34 is provided coaxially to the 
pin 8 to allow the pin 8 to move smoothly along the 
guide groove 5b. 

The above-mentioned driven gear 26, which 
reduces the rotational speed of the threading motor 
21a in conjunction with the driving gear 27, is 
attached to the frame 29. 

Fig. 8 shows the threading operation in this 
embodiment. That is, Figs. 8(a), 8(b) and 8(c) illus- 
trate sequential stages in the operation to insert the 
leader block 3 into the cartridge 1 after it is led to 
the cartridge opening by the pin 8, along the guide 
groove 5b provided in guide plate 32. 

(a) Leader-block Insertion Starting Stage 

The first arm 1 7a swings clockwise to make 
the pin 8 carry the leader block to the cartridge 
opening. The first arm 17a and second arm 18a 
are dog legged at this point, since the total 
length of the arms is set longer than the dis- 
tance between the leader-block pick-up position 
and the rotational axis of the first arm 17a. 

(b) Leader-block Inserting Stage 

The first arm 17a swings further clockwise, 
and the doglegged arms 17a and 18a straighten 
as the springs 19a are compressed. The slide 
shafts 32 are pressed toward the frame 29 and 
the end plate 30 moves away from the frame 29. 

The threading arm consisting of the first arm 
17a and second arm 18a pushes the leader 
block 3 into the cartridge 1 with a force Fp equal 
to the force compressing the spring 19a. 

The compression force Fp of the spring 19a 
is set to a value, e.g. 2.5 kg force, sufficient to 
ensure that the leader block 3 is inserted into 
the cartridge. 


(c) Arm Self-locking Stage 

As th first arm 17a swings clockwis still 
further, the arms 17a and 18a become reversely 
doglegged after passing th straightened state, 
5 and stop swinging when the stopper 23a is 
struck. 

At this stage, the force Fs which presses the 
arm 18a against the stopper 23a can be ob- 
tained without applying torque from the thread- 

w ing motor 21, so the threading mechanism can 
maintain a stable self-locking state. 

The threading motor is stopped when the 
sensor 15b detects the flag 16b. Thus, if the 
sensor 15b continues to detect the flag 16b with 

is the threading mechanism in a stable self-locking 
state, it can be judged that the leader block 3 
has been successfully inserted into the cartridge 
1. 

As described above, a threading arm consist- 
20 ing of a linkage of two arms, one of which includes 
an elastic member, can absorb a shock caused 
when inserting a leader-block, can insert the leader 
block with a small torque and can also maintain 
itself in a stable self-locked state at the leader- 
25 block pick-up position. A sensor can confirm 
leader-block insertion by detecting the threading 
arm in the serf-locked state. Accordingly, leader- 
block insertion can be accomplished surely and 
economically by a tape threading mechanism of a 
30 simple configuration. 

Claims 

1. A tape threading apparatus used in a tape unit 
35 for performing a threading operation to pull out 

from a cartridge a leader block attached at an 
end of a tape, thread and unthread the tape 
and insert the leader block back into the car- 
tridge, said tape threading apparatus compris- 
40 ing:- 

a threading arm for threading the tape, 
connected at one end to a rotational axis and 
at the other end provided with engaging means 
for engaging the leader block, and consisting 
45 of a linkage of a plurality of arms, at least one 

of the arms having an elastic member which 
allows said threading arm to expand and con- 
tract lengthwise. 

50 2. A tape threading apparatus according to claim 
1, wherein the effective length of said thread- 
ing arm is set longer than the distance be- 
tween the rotational axis of said threading arm 
and the position where the leader block is 

55 inserted into the cartridge. 

3. A tape threading apparatus according to claim 
1 or 2, wherein said engaging means is a pin 
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on which the I ader block is carried. 

4. A tap threading apparatus according to claim 

3, further comprising guidance means for guid- 
ing the pin so that th pin carries the leader s 
block along the tape running path. 

5. A tape threading apparatus according to any 
preceding claim, further comprising a stopper 

for stopping said threading arm from swinging 10 
wh n the leader block is being inserted into 
the cartridge, the stopper being provided at a 
position where said threading arm becomes 
doglegged again after having become dogleg- 
ged with the leader block striking the cartridge 75 
and then having become straight with the elas- 
tic member compressed. 

6. A tape threading apparatus according to claim 

5, further comprising a sensor for detecting 20 
said threading arm to judge that the leader 
block has been inserted into the cartridge, 
provided before the position where said thread- 
ing arm comes into contact with said stopper. 

25 

7. A tape threading apparatus according to claim 

6, wherein said sensor, on detecting said 
threading arm, causes a motor for swinging 
said threading arm to stop. 

30 

ft. A tape threading apparatus according to any 
preceding claim, wherein said threading arm 
comprises a linkage of a first arm and a sec- 
ond arm rotatably coupled together and in- 
cludes a shaft, inserted through a spring and a 35 
frame, having said first arm and an end plate 
attached at opposite ends. 

9. A tape threading apparatus according to claim 

8, wherein said frame includes a bearing in 40 
contact with said shaft for allowing said shaft to 
slide through said frame. 

10. A tape threading apparatus according to claim 

4, wherein a bearing is provided coaxially to 45 
the pin to facilitate movement of the pin along 

said guidance means. 
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